Application-oriented Implementation Effect Evaluation System of Pedestrian Reconstructing Plans and Case Analysis  by Zhao, Hui et al.
 Procedia - Social and Behavioral Sciences  43 ( 2012 )  512 – 520 
1877-0428 © 2012 Published by Elsevier B.V. Selection and/or peer review under responsibility of Beijing Jiaotong University [BJU], Systems
Engineering Society of China (SESC)
doi: 10.1016/j.sbspro.2012.04.124 
8th International Conference on Traffic and Transportation Studies
Changsha, China, August 1–3, 2012
Application-oriented Implementation Effect Evaluation 
System of Pedestrian Reconstructing Plans and Case Analysis 
Hui Zhaoa,* , Haijun Wua, Tiezheng Duana , Jinshan Lia
a Beijing General Municipal Engineering Design & Research Institute , # 32 Xizhimen N. St., Beijing, 100082, P.R.China,  
Abstract 
This paper develops the pedestrian evaluation system from two aspects which are implementation effect evaluation 
index system and evaluation method. Firstly, it analyzes the requirements of the evaluation index system of 
pedestrian reconstructing plans. On the basis, it establishes the implementation effect evaluation index system 
considering three aspects which are pedestrian facilities, transportation and safety. Then, it proposes the evaluation 
stages which are to make negative type indexes convert to positive type indexes, to make indexes being 
dimensionless, to calculate the weight for every index, and to calculate the comprehensive index value. In this paper, 
it studies the applicability of the different converted methods from negative type indexes to positive type indexes and 
non-dimensional methods considering the characteristic of the pedestrian evaluation indexes. And it proposes the 
two-level combined method for calculating weights on the basis of comparative analysis about three methods, which 
are the analytic hierarchy process (AHP) method, entropy method and information weight method. Finally, the paper 
applies the proposed evaluation system to calculate the comprehensive index values before and after pedestrian 
reconstructing plans along 3rd Round-the-Corridor in Danling Street in Zhongguancun West Area. The 
comprehensive value after reconstruction is 0.739 based on the two-level combined evaluation method, which is 
higher than the value before reconstruction. The result shows that it is useful of pedestrian reconstructing plans to 
improve the service level of the sidewalk. 
© 2012 Published by Elsevier Ltd. Selection and peer-review under responsibility of Beijing Jiaotong 
University (BJU) and Systems Engineering Society of China (SESC). 
Keywords: implementation effect evaluation system of pedestrian reconstructing plans; pedestrian facilities; pedestrian 
transportation; pedestrian safety; two-level combined evaluation method 
* Corresponding author. Tel.: +86-1342-6025-303; fax: +86-10-82216821. 
E-mail address: huizhch@gmail.com. 
Available online at www.sciencedirect.com
2012 Published by Elsevier B.V. Selection and/or peer review under esponsibility of Beijing Jiaotong 
[ ], Systems Engineering Society of China (SESC) Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
513 Hui Zhao et al. /  Procedia - Social and Behavioral Sciences  43 ( 2012 )  512 – 520 
1. Introduction 
Pedestrian system is an important part of urban slow traffic system. With increasingly severe traffic 
congestion, pedestrian has become more and more attractive as a low-carbon trip mode in recent years. 
Pedestrian reconstructing plans have been designed to improve the pedestrian space quality in many cities. 
At the same time, implementation effect of reconstructing plans has been paid much more attentions by 
traffic managers. It is necessary to build scientifically reasonable and effective evaluation system to 
evaluate the implementation effect in support of management’s decision. This paper is intended to 
develop an application-oriented implementation effect evaluation system of pedestrian reconstructing 
plans. It is of great significance to effectively improve the science and correctness of decision. 
Extensive efforts have been made to evaluate pedestrian quality. It experienced three stages in its 
development which are the service quality evaluation of pedestrian based on pedestrian capacity 
(Highway Capacity Manual (HCM) 2000), the effect analysis of environmental factors for the service 
quality of pedestrian (Sarkar 1993) (Miller, Bigelow and Garber 2000) (Zhang 2004), the effect analysis 
of walking comfort and the sense of safety (Bian et al. 2007, Tan et al. 2007). In details, there are two 
main research approaches. The one is to build the evaluation index system based on objective index. The 
effective width of footway and the rate of usage are analyzed (Wang, Fang and Yu 2005). It studied the 
relationship between the effective width of footway and the rate of usage, and the relationship between the 
rate of usage and the pedestrian volume, the traffic volume, vehicle speed and cyclist volume. The 
evaluation index system for walking space was proposed (Jiang and Wang 2006). It included three aspects, 
such as transportation capacity, serving quality and social equality. Abundant index type is the character 
of this evaluation index system. However, it is difficult to get quantify some indexes, for example traffic 
noise degree, air pollution degree. The other method is to study the pedestrian service level for sidewalks. 
In HCM, sidewalk service level was built based on pedestrian space, average speed, flow and V/C rate.  
By the same thought, standard of sidewalk service level was proposed in our country. Method of sidewalk 
service level evaluation was applied to Baiyi Road in Beijing combining the actual conditions of our 
country (Zhang 2004). However, traffic flow characteristics couldn’t reflect all service levels of 
pedestrian. Pedestrian environment which has influence on pedestrian comfort and safety should be 
considered. Accordingly, regression model and a combined pedestrian level of service model were 
proposed by multiple step-wise regression analysis from the angle of pedestrians’ comfort and the sense 
of safety (Bian et al. 2007, Tan et al. 2007). This model considered abundant index and the pedestrian 
perception factor. The result of evaluation was affected by the sample of questionnaire investigation and 
different investigation areas. The authors expressed that it leads to the method’s limitations in application 
when considering investigation cost.  
A review of the state-of-art on pedestrian evaluation system has found that the traditional evaluation 
systems in theory have been developed. However, few existing evaluation system are studied for 
pedestrian reconstructing plans. In order to analyze the comparison of effect before and after pedestrian 
reconstructing plans, this paper develops the pedestrian evaluation system considering the characteristics 
of pedestrian reconstructing plans. It studies application characteristics of different methods in the 
evaluation stages which include making negative type indexes convert to positive type indexes, indexes 
dimensionless and indexes weight. And it proposes the two-level combined evaluation method to calculate 
weight. On the basis, it does implementation effect evaluation before and after pedestrian reconstructing 
plans along 3rd Round-the-Corridor in Danling Street in Zhongguancun West Area.  
2. Implementation effect evaluation index system of pedestrian reconstructing plans 
2.1. Index system 
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Table 1. Implementation effect evaluation index system 
Index type index 
Pedestrian facilities (U1) Standard-reaching rate of sidewalk width  (U11)
 Connectivity of sidewalk (U12)
 Nonlinear coefficient of sidewalk (U13)
 Laying rate of barrier-free facilities (U14)
 Greening area around sidewalk (U15)
Transportation (U2) Pedestrian flow (U21)
 Sidewalk area per capita (U22)
 Walking speed (U23)
Safety (U3) Distance between sidewalk and vehicle lane (U31)
 Distance between sidewalk and bicycle lane (U32)
 Weaving frequency between pedestrian and vehicle (U33)
 Weaving frequency between pedestrian and bicycle (U34)
The principles of evaluation index selection are systematizations, science, comparability and 
computability. Considering the characteristics of pedestrian reconstructing plans, the implementation 
effect evaluation index system is established. It includes 12 indexes from pedestrian facilities, 
transportation and safety shown in Table 1.  
2.2 Index introduction 
Standard-reaching rate of sidewalk width (U11). It is the ratio of the actual sidewalk width and standard 
width as shown in Equation (1). Higher ratio shows that the walking environment is better. Standard 
widths of sidewalk are different from different rank roads. In Design Guidelines of Pedestrian and Non-
motorized vehicles’ System in Beijing Urban Area, the standard width values of sidewalk on the major 
arterial road, minor arterial road and branch road aren’t less than 3 meters, 2.5 meters and 1.5 meters 
respectively. If the value is greater than or equal to 1, the width meets the design standard. If not, it 
cannot meet the design standard.  
iW
w
U =11                                                                               (1) 
where, w  is the actual width of sidewalk; iW  is the standard width of sidewalk; i  is the road rank, 
respectively major arterial road, minor arterial road and branch road. 
Connectivity of sidewalk (U12). It is the ratio of the actual length of sidewalk and the length of 
sidewalk without obstacles which causes the physical discontinuous of the sidewalk, for example parking 
space, building, newsstand, and so on. It is expressed by Equation (2). Its value interval is (0,1]. 
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where, l  is the actual length of sidewalk; L  is the length of sidewalk without obstacles; ol  is the length 
of obstacle.  
Nonlinear coefficient of sidewalk (U13). It is the ratio of the actual walking distance and the straight-
line distance between starting point and end point of sidewalk by Equation (3). In the real world, the 
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sidewalk cannot be laid according to the form of straight-line because of limited layout conditions. Its 
value is greater than or equal to 1.  
s
w
L
L
U =13                                                                                    (3) 
where, wL  is the actual walking distance; sL  is the straight-line distance between starting point and end 
point of sidewalk. 
Laying rate of barrier-free facilities (U14). It is the ratio of the length of barrier-free facilities and the 
actual length of sidewalk by Equation (4). It shows the service level of barrier-free facilities. 
l
l
U b=14                                                                                     (4) 
where, bl  is the length of barrier-free facilities. 
Greening area around sidewalk (U15). It can be obtained from the measurement. Its unit is m
2.
Pedestrian flow (U21), sidewalk area per capita (U22) and walking speed (U23). They can be obtained 
from the observation. Their units are persons per minute per meter (persons/min/m), m2 per capita 
(m2/person) and meter per minute (m/min) respectively. 
Distance between sidewalk and vehicle lane (U31) and distance between sidewalk and bicycle lane 
(U32). The two indexes are the distance between the midline of sidewalk and the midline of adjacent 
vehicle lane or bicycle lane. They can be obtained from the measurement. Its unit is m.  
Weaving frequency between pedestrian and vehicle (U33) and weaving frequency between pedestrian 
and bicycle (U34). The two indexes reflect the conflict degree between pedestrian and vehicle or bicycle. 
They can be obtained from the observation. Its unit is times per minute (times/min).  
3. Development of evaluation methodology 
The evaluation methodology process includes four steps: to make negative type indexes convert to 
positive type indexes, to make indexes being dimensionless, to calculate the weight for every index, and 
to calculate the comprehensive index value. The 12 indexes in Table 1 have different mathematics 
characteristics. It is necessary to choose suitable methods of index processing before calculating 
comprehensive index value.  
3.1. Make negative type indexes convert to positive type indexes 
The negative type index is that the value of index is higher, the evaluation result is worse. In the 
proposed evaluation index system, U13, U21, U33 and U34 are negative type indexes. Generally, there are 
two methods of positive conversion: weighting method and negative method (Ye 2003), respectively as 
shown in Equation (5) and Equation (6). For example, U33 of two cases respectively 6 times/min and 29 
times/min. After converting to positive type index by Equation (5), the difference value between them 
changes from 23 to 0.132. The original change law of the index would change by weighting method. The 
negative method cannot change the original characteristics, which is chosen as the method of positive 
conversion. 
ij
ij x
x
1
=䈓                                                                          (5) 
where, ijx  is the jth original index of case i; ijx䈓 is the new index of ijx after conversion from negative 
index to positive index. 
ijij xx -=䈓                                                                          (6) 
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3.2. Make indexes being dimensionless 
The standardization method and the mean-value method are common (Zhang and Zhao 2005), 
respectively as shown in Equation (7) and Equation (8). Both methods can eliminate the influence of 
dimension and magnitude. However, the standardization method also eliminates the difference of the 
variation extent. It is difficult to reflect the information of the original index.  So the mean-value method 
is as the dimensionless method in the paper. 
j
jij
ij ı
xx
y
-
=                                                                       (7) 
where, jx  is the average of ijx ; jı  is the standard deviation of ijx ; ijy  is the new index of ijx  after 
dimensionless. 
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3.3. Calculate the weight for every index 
Weight method is divided into subjective method and objective method.  
Analytic Hierarchy Process (AHP) is a representative method of subjective methods (Wang et al. 
2007). The basic principle is to construct the relatively judge matrix based on the hierarchical structure 
according to experts’ knowledge and experiences, to calculate the biggest characteristic root and 
corresponding characteristic vector as shown in Equation (9), to test sorting and consistency, and to 
calculate weight vector as shown in Eq. (10). 
                                                     XȜAX max=                                                                                 (9) 
where A  is the relatively judge matrix; maxȜ  is the biggest characteristic root of A ; X  is the 
characteristic vector of maxȜ .
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Entropy method and information weight method are the two common methods of objective methods 
(Wang and Zhang 2001, Wang et al. 2007). The main steps of entropy method are as follows:  
(1) calculating the characteristic proportion ijp  by Equation (11); 
ěm
i
ijijij xxp
1=
=                                                                       (11) 
(2) calculating entropy value je  by Equation (12);  
ěm
i
ijijj ppke
1=
)ln(-=                                                                 (12) 
where 1-)(ln= mk , m is the number of the cases.  
 (3) calculating the difference coefficient jg by Eq. (13), and 
jj eg -1=                                                                                (13) 
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 (4) calculating the weight value jw by Equation (14).  
ěn
j
jjj ggw
1=
=                                                                       (14) 
The main steps of information weight method are as follows:  
(1) calculating the coefficient of variation jCV  by Equation (15); and 
ijjj xıCV =                                                                           (15) 
(2) calculating the weight value jw  by Equation (16).  
ěn
j
jjj CVCVw
1=
=                                                                  (16) 
Through comparing the characteristics of three methods above, the results indicate that: (1) AHP has 
dual characteristics of quality and quantitative analysis. However, the accuracy of weight value would be 
influenced by the randomness and subjectivity of experts. And the differences of indexes value cannot be 
considered in calculating weight process; (2) entropy method and information weight method can reflect 
the differences of the indexes, but cannot show the preference of valuators; and (3) when  the one index 
value of two cases is equal, the weight of this index is zero by information weight method. It isn’t 
reasonable to calculate the comprehensive indexes, because it ignores the effect of this index, especially 
the index is very important. 
On the basis of analysis above, it is necessary to propose the new evaluation thought. In this paper, the 
index system includes two levels: (1) the first level is the index type as subjective index, which cannot be 
measured directly, and (2) the second level is the indexes as objective index, which can be measured. 
Considering the characteristics of the index system and combining the advantages of evaluation methods, 
the proposed method has two stages:  
Stage 1: calculating the weight of the index type of the first level by AHP; and  
Stage 2: calculating the weight of the index of the second level by entropy method.  
The proposed method not only reflects the subjective preference of valuators, but also considers the 
characteristics of the value of every index. 
3.4. Calculate  the comprehensive index value 
The comprehensive index value Z  is calculated by Equation (17). The higher value shows that the case 
is better. 
                                       ěěě
i j
ijiji
i
ii UȕĮUĮZ ××=×=                                           (17) 
where, iĮ  is the weight for iU ,ě
i
iĮ 1=  ; ijȕ   is the weight for ijU ,ě
j
ijȕ 1= .
4. Case study 
The proposed methodology is applied to evaluating the implementation effect before and after 
pedestrian reconstructing plans along 3rd Round-the-Corridor in Danling Street in Zhongguancun West 
Area. The main problems before reconstruction are that: (1) sidewalk was discontinuous because of the 
glass enclosure, and (2) barrier-free facility wasn’t laid completely. In order to improve the pedestrian 
service level, the reconstructing plan was implemented. According to the investigation and computability 
of the indexes, eight indexes are chosen, which are U11, U12, U13, U14, U21, U22, U23, and U32. The values 
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of eight indexes are shown in Table 2. The values of U11 and U32 have no change before and after 
reconstruction. 
Table 2. Indexes values before and after reconstruction  
Case U11 U12 U13 U14
U21
(persons/min/m) 
U22
(m2/person) 
U23
(m/min) 
U32
(m) 
Before reconstruction 1.2 0.796 1.224 0.833 1.45 62.7 88.1 2.75 
After reconstruction 1.2 1 1.010 1 1.72 53.2 87.9 2.75 
Table 3 shows the processed values after positive conversion and dimensionless by Eq. (6) and 
Equation (8). Because U13 and U21 are negative type indexes, the processed values are negative. 
Table 3. Processed Values of indexes after positive conversion and dimensionless 
Case U11 U12 U13 U14 U21 U22 U23 U32
Before reconstruction 1 0.886 -1.096 0.909 -0.915 1.082 1.001 1 
After reconstruction 1 1.114 -0.904 1.091 -1.085 0.918 0.999 1 
AHP, entropy method, information weight method and the proposed two-level combined method are 
used to calculate the weights as shown in Fig. 1.  
w1 w2 w3 w4 w5 w6 w7 w8
AHP 0.0721 0.1468 0.0907 0.1162 0.0371 0.0128 0.0611 0.4632
Entropy method 0.1245 0.1256 0.1253 0.1252 0.1251 0.1252 0.1246 0.1245
Information weight method 0 0.2423 0.2045 0.1943 0.1816 0.1749 0.0024 0
Two-level combined method 0.1059 0.1068 0.1066 0.1065 0.0371 0.037 0.0369 0.4632
0
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0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45
0.5
AHP Entropy method Information weight method Two-level combined method
Fig. 1. Weights of the indexes 
In AHP method, weight values show the difference of the indexes. For example, the safety factor is 
most concerned by valuators, so w8 equals to 0.4632 and is highest weight value. The weight values of the 
indexes of facilities take second place. The weight values of the transportation indexes are less than 
weight values of the other index types. The lowest weight value is 0.0128, it ignores the importance of 
sidewalk area per capita (U22). In entropy method, the values of the weights are similar. The difference 
value between two weights is less than 0.0011. It cannot show the difference of the importance between 
two indexes. In information weight method, w1  and w8 are zero, because the values of  U11 and U32 are 
equal before and after reconstruction. However, the two indexes are very important for the comprehensive 
evaluation. It is unfit for the same value of the index in different cases. Compared with three methods 
above, the combined method not only shows the important difference of three index types, but also 
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considers the characteristic of the index values. For example, the weight value of U22 increases by 0.0242 
compared with the value of AHP.  The largest difference value between two weights from three index 
types is 0.3263, it is much larger than the difference based on entropy method.
Table 4 shows the comprehensive values before and after reconstruction. It has the same characteristic, 
which the value after reconstruction is higher than the value before reconstruction. The result shows that 
it is useful of pedestrian reconstructing plans to improve the service level of the sidewalk.  
Table 4. Comprehensive values before and after reconstruction  
Case AHP Entropy method Information weight method Two-level combined method 
Before reconstruction 0.713 0.482 0.193 0.687 
After reconstruction 0.776 0.516 0.263 0.739 
5. Conclusions and recommendations 
Comfortable pedestrian environment is one of the effective ways of solving the urban problem. 
Effective evaluation method is helpful to choose and implement the suitable measures of improving 
pedestrian environment the for decision makers. This paper establishes the implement effect evaluation 
index system of pedestrian reconstructing plan and proposes the two-level combined evaluation method. 
The proposed method is used to evaluate the implement effect of pedestrian reconstructing plan along 3rd 
Round-the-Corridor in Danling Street in Zhongguancun West Area. The findings from this case study are 
summarized as follows: 
 (1) AHP method can be used to calculate the weight of subjective index and shows the preference of 
valuators. Compared with AHP method, entropy method and information weight method are fit for 
calculate the weight of objective index. When the values of two cases are equal, the weight would be zero 
by information weight method. So entropy method is better than information weight method in this aspect. 
However, the values of weight have less small fluctuation by entropy method. It is difficult to show the 
important difference of the index;  
(2) The proposed two-level combined method is effective for calculating the weight considering the 
characteristics of subjective and objective indexes and combining the advantages of AHP method and 
entropy method;  
(3) The weight value of safety type index is highest. The weight values of facilities type and 
transportation type take second and third place respectively;  
(4) The comprehensive value before and after reconstruction is respectively 0.687 and 0.739 based on 
the two-level combined method. The result shows that it is useful of pedestrian reconstructing plans to 
improve the service level of the sidewalk.  
In the future, more evaluation methods are expected to be applied in the evaluation of the performance 
of the pedestrian reconstructing plans. The authors recommend that further research be conducted on the 
perfection of the index system and the applicability analysis of the improved evaluation methods.  
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